Background {#Sec1}
==========

Antimicrobial resistance (AMR) is an increasingly serious threat to global public health \[[@CR1]\], estimated to account for 10 million deaths annually worldwide by 2050, and potentially imposing similar economic costs as climate change \[[@CR2], [@CR3]\]. A recent European study found that the burden of antibiotic-resistant infections (excluding tuberculosis) in terms of disability-adjusted life-years (DALYs) is similar to influenza, tuberculosis, and HIV combined \[[@CR4]\]. Strong links have been found between the volume of human antibiotic consumption and AMR \[[@CR5]--[@CR9]\]. Thus, better stewardship of existing antibiotics, reducing inappropriate use without compromising essential access, is crucial to control AMR \[[@CR3], [@CR10]--[@CR13]\].

Respiratory tract infections (RTIs) account for around 50% of antibiotic prescribing in primary care \[[@CR14]\], much of which fails to benefit patients as the infections are self-limiting or viral \[[@CR15]\]. Antibiotic use for RTIs not only affects resistance among possible causative bacterial pathogens, but also drives resistance among commensal flora, which can later cause resistant infections \[[@CR9]\]*.*

Differences in clinical consultation rates explain much of the variation in non-hospital antibiotic usage in England \[[@CR16]\], and clinicians are more likely to prescribe antibiotics when patients request them or are perceived to want them \[[@CR17]--[@CR19]\]. Thus, in healthcare systems such as that of the United Kingdom (UK), where general practitioners act as gatekeepers to prescriptions, decisions whether to consult, and whether to request antibiotics, for RTIs could each play a significant role in 'unnecessary' antibiotic consumption. A review of public campaigns \[[@CR20]\] aimed at improving antibiotic use among outpatients in high-income countries concluded that several campaigns had a positive effect. However, nearly all were multi-faceted, simultaneously targeting physicians and the public with multiple interventions. Therefore, it was difficult to unpick whether improvements were due to changes in the behaviour of patients, physicians, or both or whether the observed improvements were related to confounding factors which would have happened without the campaigns. All campaigns in the review tried to convey the message that AMR is a serious problem, sometimes using a fear message. Most also tried to educate the public that antibiotics are often ineffective for RTIs.

However, in other healthcare areas, meta-analyses have found that while such 'fear-appeal' messages can be effective, they are likely to be ineffective and may even backfire if people are not confident that they will be able to successfully take the recommended action ('self-efficacy') or that the recommended action will be effective ('response-efficacy') \[[@CR21]--[@CR23]\]. In a previous survey \[[@CR24]\], we found that an AMR 'fear message', which contained no information about how to successfully manage influenza-like illness (ILI) symptoms (generally not requiring antibiotics), was likely to backfire among those with low AMR awareness: paradoxically, significantly more of these respondents said they would be more likely, rather than less likely, to ask a doctor for antibiotics for ILI given the information. We hypothesised that fear-based messages also containing empowering information about successful self-management without antibiotics would be more effective, particularly among those with low AMR awareness, who we hypothesised would respond less favourably than others to fear-based messages in general. We therefore developed an experiment to test several AMR 'fear messages', with and without empowering content intended to provide confidence that ILI symptoms can be successfully self-managed without antibiotics. The aim was to identify the form of words most likely to discourage people from asking for antibiotics for ILI, particularly among those with low AMR awareness (pre-specified based on our previous survey) and those who believe antibiotics are effective for ILI (exploratory analysis).

Methods {#Sec2}
=======

The randomised experiment was conducted using an online survey of adult members of the UK general public, in two waves. Wave 2 was conducted as a validation study, using identical methods but analysed separately on an independent sample, after analysing data from wave 1.

Survey design {#Sec3}
-------------

The survey (Additional file [1](#MOESM1){ref-type="media"}) asked respondents to imagine Health State A: 'a temperature, aching muscles, a headache, a dry chesty cough, a sore throat, and you feel weak', representing, and hereafter referred to as, ILI. A symptomatic description was used, rather than specifying 'flu' or a 'virus', firstly, because individuals are likely to interpret specific terms differently, and secondly, because people may know that antibiotics are not indicated for viral conditions, yet not recognise ILI symptoms as being more consistent with a viral, than bacterial, infection.

Respondents were randomised to receive one of three different messages about antibiotics and AMR (Table [1](#Tab1){ref-type="table"}). In each wave, *N* = 1000 received version 1, a 'fear message' about the dangers of AMR, and AMR being caused by inappropriate antibiotic use. Two other groups (both *N* = 1500 in each wave) also received a 'fear message' but together with empowering information that ILI symptoms can easily and effectively be self-managed without antibiotics, differing only by the strength of the 'fear message' (stronger fear level in version 3 than the relatively mild version 2). Version 1 was a slight variant of the 'fear message' previously found \[[@CR24]\] to backfire among respondents who found this AMR information surprising. Version 2 and version 3 were developed based on health-psychological theory, incorporating empowering 'self-efficacy' and 'response-efficacy' aspects to mitigate or remove backfiring potential. Table 1Three versions of information about antibiotics and AMR given to survey respondents**Survey version 1** Message summary'**Fear**' message only Sample size in each wave*N* = 1000 Full text'Antibiotic resistance happens when an antibiotic no longer kills or controls growing bacteria. It is an increasingly serious threat to public health. Without antibiotics that work well, many routine treatments will become increasingly dangerous. Setting broken bones, and even basic operations, rely on access to antibiotics that work. Antibiotic resistance is believed to be caused by unnecessary use of antibiotics, and inappropriate use, such as not taking them as prescribed, skipping doses, or saving them for later use.'**Survey version 2** Message summary'**Mild fear**' *plus****empowerment*** Sample size in each wave*N* = 1500 Full text'Most people get cold or flu symptoms every year, and these usually get better on their own. Temperatures sometimes last for days, while coughs can last for weeks, and antibiotics generally don\'t help. Antibiotics should not be taken for cold and flu symptoms. Taking antibiotics when they are not needed encourages bacteria to become resistant. This means antibiotics may not work for future serious illnesses that can only be cured by antibiotics. Most cold and flu symptoms are best treated at home by taking paracetamol or ibuprofen, and getting plenty of fluids and sleep.'**Survey version 3** Message summary'**Strong fear**' *plus****empowerment*** Sample size in each wave*N* = 1500 Full text'Most people get cold or flu symptoms every year, and these usually get better on their own. Temperatures sometimes last for days, while coughs can last for weeks, and antibiotics generally don\'t help. Antibiotics should not be taken for cold and flu symptoms. Taking antibiotics encourages bacteria to become resistant. Some killer diseases are already resistant to several antibiotics. Antibiotic resistance is an increasingly serious threat to everyone's health. Soon we will not be able to find antibiotics that can cure serious illnesses. Even worse, without antibiotics that work, even minor injuries and routine operations will become increasingly dangerous. You can also pass on resistant bugs to people you care about. Most cold and flu symptoms are best treated at home by taking paracetamol or ibuprofen, and getting plenty of fluids and sleep.'

Respondents were then asked 'To what extent is this information new to you?' \[very new/somewhat new/not very new/not at all new\], 'How will this information affect whether you visit a doctor the next time you have symptoms like Health State A?' \[much more likely to visit/more likely to visit/no effect/less likely to visit/much less likely to visit/do not know\], and 'How will this information affect the likelihood of you asking a doctor for antibiotics if you were to visit for these symptoms?' \[much more likely/more likely/no effect/less likely/much less likely/do not know\] (co-primary outcomes: *likelihood of visiting a doctor and of requesting antibiotics*). Respondents with children were additionally asked analogous questions regarding how they would act if their youngest child had ILI symptoms (secondary outcomes in the subgroup with children).

Based on our previous survey \[[@CR24]\], the impact of each randomised message on all outcomes was considered separately by whether or not respondents said the AMR information was 'very/somewhat new', formally compared using interaction tests. A limitation of comparing respondents for whom information is 'new' across the three versions is that this may not compare like with like---for example, some respondents might find version 3 'new' but not version 2. In exploratory analysis, the impacts of the randomised messages were therefore also considered separately by whether or not respondents thought antibiotics would 'definitely/probably help' an ILI which persisted for 5 days.

The survey captured information on socio-demographic characteristics including age, sex, ethnicity, education, employment status, geographic region, and having dependent children. Both the original AMR message ('fear-only') and the survey were designed with clinical experts (*n* = 3; primary care physician and two junior doctors) and a public and patient involvement panel (*n* = 7). Amendments to the AMR message were designed primarily by health psychologist authors on this paper (STC, NH, SM, AS).

Survey respondents {#Sec4}
------------------

Both survey waves were conducted online using respondent panels provided by Survey Sampling International (SSI). In each wave, SSI was commissioned to obtain 4000 completed responses, representative of the UK adult population in terms of sex, age, ethnicity, and geographic region. Surveys were completed over 17 days during October/November 2016 (wave 1) and 22 days during March 2017 (wave 2). In wave 1, invitations were emailed to 28,887 SSI panel members; 8317 panel members were emailed in wave 2. It was also possible for SSI panel members to access the survey via SSI's website. The two waves were completely independent, with no respondent overlap. Respondents were offered an incentive to complete the questionnaire in the form of 'Nectar-points' (a loyalty card scheme via which customers accrue discounts at outlets including supermarkets and restaurants), worth a total of approximately £0.60. To mitigate self-selection bias, specific project details were not included in the invitation. In each wave, sample sizes for groups receiving version 2 and version 3 were powered to quantify the proportion of individuals who, in response to the information, said they would be 'less/much less likely' to visit a doctor the next time they have ILI symptoms, at a 95% confidence level, with a maximum margin of error of 2.5%.

Statistical analysis {#Sec5}
--------------------

Wilcoxon's single-sample sign-rank tests were performed to test whether respondents were more or less likely to consult/request antibiotics for ILI in response to the information, overall and within subgroups defined by whether respondents said the information they were given about AMR was 'very/somewhat new' (and, in exploratory analysis, by whether antibiotics would 'definitely/probably help' an ILI). For each randomised message, Wilcoxon's rank-sum tests were used to analyse whether the distribution of responses differed significantly between subgroups. Ordered logit regressions were used to test for interactions between message treatment effects and subgroups, with the extent of being more/less likely to consult/request antibiotics the dependent variables. All statistical analysis was conducted using Stata MP v13.1.

Results {#Sec6}
=======

Four thousand individuals completed the survey in October/November 2016, and another 4000 in March 2017. Baseline characteristics were broadly balanced across randomised messages (Table [2](#Tab2){ref-type="table"}, Additional file [2](#MOESM2){ref-type="media"}: Table S1). As the two waves gave qualitatively very similar results (Fig. [1](#Fig1){ref-type="fig"}, details in Additional file [2](#MOESM2){ref-type="media"}: Tables S2, S3), we focus on the more-recent wave 2. Table 2Respondent characteristics in wave 2 (March 2017)FactorVersion 1 (*N* = 1000): 'fear-only'Version 2 (*N* = 1500): 'mild-fear-plus-empowerment'Version 3 (*N* = 1500): 'strong-fear-plus-empowerment'Mean or numberStandard deviation or %Mean or numberStandard deviation or %Mean or numberStandard deviation or %Age47.216.746.516.846.016.7Household equivalent income (£)^1^20,57114,43120,16415,10720,16615,379Own self-rated health (0--10)7.22.07.32.07.32.0Male^1^50250.3%72448.3%71547.7%White^1^89990.3%135290.6%135591.0%Christian^1^48649.6%70048.0%67245.7%Higher education44844.8%65843.9%65043.3%Unemployed414.1%744.9%694.6%Sick or disabled383.8%644.3%604.0%Married/civil partnership/live with partner67467.4%101567.7%97965.3%Born in UK90690.6%135190.1%134789.8%Geographic region East Anglia909.0%1389.2%1449.6% East Midlands626.2%1117.4%1177.8% West Midlands888.8%1218.1%1459.7% London12912.9%19813.2%18912.6% North East424.2%553.7%7.14.7% North West11611.6%17711.8%15710.5% South East14914.9%19613.1%20613.7% South West969.6%1208.0%1278.5% Yorkshire and Humberside818.1%1218.1%1359.0% Wales464.6%885.9%634.2% Scotland777.7%1328.8%1097.3% Northern Ireland242.4%432.9%372.5%AMR information is 'very/somewhat new'28528.5%33622.4%38825.9%Antibiotics would 'definitely/probably' help ILI27927.9%41527.7%41827.9%Antibiotics would 'definitely/probably' help child's ILI183/40844.9%255/58743.4%250/60541.3%^1^Version 1 denominator is 1000 except for household income (*N* = 940), gender (*N* = 999), ethnicity (*N* = 996), and religion (*N* = 979) where there was a 'prefer not to answer' option; version 2 denominator is 1500 except for household income (*N* = 1360), gender (*N* = 1499), ethnicity (*N* = 1493), and religion (*N* = 1459) where there was a 'prefer not to answer' option; version 3 denominator is 1500 except for household income (*N* = 1389), gender (*N* = 1498), ethnicity (*N* = 1489), and religion (*N* = 1469) where there was a 'prefer not to answer' optionFig. 1Reported impact of information on consultations/antibiotic requests disaggregated according to whether AMR information 'new' vs 'not new'. (i) Prior Survey results are for May--June 2015 data reported in Roope et al. \[[@CR24]\]; wave 1 conducted in October--November 2016; wave 2 conducted in March 2017. (ii) V1 is 'fear-only' message; V2 is 'mild-fear-plus-empowerment'; V3 is 'strong-fear-plus-empowerment'. (iii) Column charts exclude respondents who answered 'do not know' (\< 8%). (iv) *p* values are from Wilcoxon's single-sample sign-rank tests of whether respondents were more/less likely to consult/request antibiotics for ILI in response to the information they were given, under the null hypothesis that they were neither more likely nor less likely to consult/request antibiotics

Reported response to information for respondents' own ILI {#Sec7}
---------------------------------------------------------

In wave 2, overall, 29.2%, 45.1%, and 46.1% of respondents randomised to 'fear-only', 'mild-fear-plus-empowerment', and 'strong-fear-plus-empowerment' respectively reported that they would be 'less/much less likely' to visit a doctor as a result of the information given (*p* \< 0.0001), while 14.1%, 10.3%, and 11.3% reported that they would be 'more/much more likely' to visit a doctor (*p* = 0.01) (Additional file [2](#MOESM2){ref-type="media"}: Table S3). For requesting antibiotics, 42.3%, 52.5%, and 54.7% respectively reported that they would be 'less/much less likely' to ask for antibiotics as a result of the information (*p* \< 0.0001), while 10.1%, 8.2%, and 7.5% respectively reported that they would be 'more/much more likely' to ask for antibiotics (*p* = 0.08) (Additional file [2](#MOESM2){ref-type="media"}: Table S3).

Overall, 25.2% of respondents said the information they were randomised to was 'very/somewhat new', with small but significant variation between messages (*p* = 0.002, Table [2](#Tab2){ref-type="table"}). Furthermore, 27.8% believed antibiotics would 'definitely/probably' help an ILI which persisted for 5 days, with no evidence of variation between messages (*p* = 0.99, Table [2](#Tab2){ref-type="table"}). As hypothesised, respondents who found the information 'very/somewhat new' were less likely than the others to report that it would make them less likely to visit their doctor or ask for antibiotics (both 'visit' and 'ask' interactions *p* \< 0.0001; Fig. [1](#Fig1){ref-type="fig"}a, b; Additional file [2](#MOESM2){ref-type="media"}: Table S3). Similarly, respondents who thought antibiotics would 'definitely/probably' help ILI were less likely than the others to report that it would make them less likely to visit a doctor or ask for antibiotics (both 'visit' and 'ask' interactions *p* \< 0.0001; Fig. [2](#Fig2){ref-type="fig"}a, b; Additional file [2](#MOESM2){ref-type="media"}: Table S4; similar results for wave 1, Additional file [2](#MOESM2){ref-type="media"}: Table S5). Fig. 2Reported impact of information on consultations/antibiotic requests disaggregated by whether or not antibiotics would 'help' ILI. (i) Prior Survey results are for May--June 2015 data reported in Roope et al. \[[@CR24]\]; wave 1 conducted in October--November 2016; wave 2 conducted in March 2017. (ii) V1 is 'fear-only' message; V2 is 'mild-fear-plus-empowerment'; V3 is 'strong-fear-plus-empowerment'. (iii) Column charts exclude respondents who answered 'do not know' (\< 7%). (iv) *p* values are from Wilcoxon's single-sample sign-rank tests of whether respondents were more/less likely to consult/request antibiotics for ILI in response to the information they were given, under the null hypothesis that they were neither more likely nor less likely to consult/request antibiotics

Response to information for respondents' own ILI: information not 'very/somewhat new' {#Sec8}
-------------------------------------------------------------------------------------

Among those for whom the information was not 'very/somewhat new', significantly more respondents said they would be less likely (rather than more likely) to consult/request antibiotics for ILI in response to each message (*p* \< 0.0001; Fig. [1](#Fig1){ref-type="fig"}a, b), with \< 5% reporting that they would be more likely to visit a doctor/request antibiotics regardless of message. Similarly, of those who did not think antibiotics would help ILI, significantly more said they would be less likely (rather than more likely) to consult/request antibiotics for ILI in response to each message (*p* \< 0.0001; Fig. [2](#Fig2){ref-type="fig"}a, b).

Response to information for respondents' own ILI: information 'very/somewhat new' {#Sec9}
---------------------------------------------------------------------------------

In contrast to respondents for whom the information was not 'very/somewhat new', among those for whom the information was 'very/somewhat new', and exposed to the 'fear-only' message, significantly more said they were more likely (rather than less likely) to consult for ILI (38.2% more likely versus 21.8% less likely; *p* = 0.0001, Fig. [1](#Fig1){ref-type="fig"}a). There was no significant difference between the proportion who said they would be more likely (versus less likely) to request antibiotics (*p* = 0.97; Fig. [1](#Fig1){ref-type="fig"}b). The results were similar for respondents exposed to the 'fear-only' message who believed antibiotics would 'definitely/probably help' (Fig. [2](#Fig2){ref-type="fig"}a, b), with 34.8% saying they were more likely, versus 16.1% less likely, to consult for ILI (*p* \< 0.0001), and no significant difference between the proportions who said they would be more likely (versus less likely) to request antibiotics (*p* = 0.85).

However, those exposed to the 'mild-fear-plus-empowerment' message and who found the message 'very/somewhat new' said they were no more/less likely to consult for ILI (38.4% more likely versus 28.9% less likely; *p* = 0.07) and no more/less likely to request antibiotics (30.7% more likely versus 34.5% less likely; *p* = 0.19) (Fig. [1](#Fig1){ref-type="fig"}a, b). Of respondents who believed antibiotics would 'definitely/probably help' and exposed to the 'mild-fear-plus-empowerment' message, significantly more said they were more likely (rather than less likely) to consult for ILI (149 (35.9%) more versus 114 (27.5%) less; *p* = 0.03), but significantly more said they were less likely (rather than more likely) to request antibiotics (173 (41.7%) less versus 97 (23.4%) more; *p* \< 0.0001) (Fig. [2](#Fig2){ref-type="fig"}a, b).

The differences between responses to the 'fear-only' and 'strong-fear-plus-empowerment' messages were even more pronounced than the differences between the 'fear-only' and 'mild-fear-plus-empowerment' messages. Among those who found the 'strong-fear-plus-empowerment' message 'very/somewhat new', there was no significant difference between the proportions who said they would be more likely (versus less likely) to consult (*p* = 0.85) and they were significantly less likely (rather than more likely) to request antibiotics (182 (46.9%) less versus 95 (24.5%) more; *p* \< 0.0001) (Fig. [1](#Fig1){ref-type="fig"}a, b). Of respondents who believed antibiotics would 'definitely/probably help' and exposed to the 'strong-fear-plus-empowerment' message, significantly more said they were less likely (rather than more likely) both to consult (159 (38.0%) less versus 121 (28.9%) more; *p* = 0.03) and to request antibiotics (197 (47.1%) less versus 91 (21.8%) more; *p* \< 0.0001) (Fig. [2](#Fig2){ref-type="fig"}a, b).

Reported response to information for respondents' children's ILI {#Sec10}
----------------------------------------------------------------

Overall, 496 (31.0%) of 1600 parents said the information they were randomised to was 'very/somewhat new', with no evidence of variation between messages (134/408 (32.8%) 'fear-only', 169/587 (28.8%) 'mild-fear-plus-empowerment', 193/605 (31.9%) 'strong-fear-plus-empowerment'; *p* = 0.32, Additional file [2](#MOESM2){ref-type="media"}: Table S3). Furthermore, 688 (43.0%) of parents believed antibiotics would 'definitely/probably' help their child if they had an ILI which persisted for 5 days, with no evidence of variation across messages (*p* = 0.52, Table [2](#Tab2){ref-type="table"}). As above, and as hypothesised, the outcomes depended strongly on whether or not respondents found the information provided about AMR 'very/somewhat new' (both 'visit doctor' and 'ask for antibiotics' interactions *p* \< 0.0001) or said they thought antibiotics would 'definitely/probably' help ILI (both 'visit doctor' and 'ask for antibiotics' interactions *p* \< 0.0001).

Overall results (Figs. [1](#Fig1){ref-type="fig"}c, d and [2](#Fig2){ref-type="fig"}c, d) were congruent with those for respondents themselves (details in Additional file [3](#MOESM3){ref-type="media"}). In brief, among parents for whom the information was not 'very/somewhat new' and who did not think antibiotics would help their child's ILI, significantly more respondents said they would be less likely (rather than more likely) to consult/request antibiotics for their child's ILI in response to each message (*p* \< 0.001, Figs. [1](#Fig1){ref-type="fig"}c, d and [2](#Fig2){ref-type="fig"}c, d).

There were contrasting results among parents for whom the information was 'very/somewhat new'. Of parents exposed to the 'fear-only' information, significantly more of those for whom the information was 'very/somewhat new' said they were more likely (rather than less likely) to consult for their child's ILI and request antibiotics (*p* \< 0.05) (Fig. [1](#Fig1){ref-type="fig"}c, d). Among parents exposed to this information who believed antibiotics would 'definitely/probably' help their child, significantly more said they were more likely (rather than less likely) to consult for their child's ILI (*p* \< 0.0001) (Fig. [2](#Fig2){ref-type="fig"}c, d), with no change in reported likelihood of requesting antibiotics (*p* = 0.27). Among parents receiving the 'mild-fear-plus-empowerment' message, significantly more of those for whom the information was 'very/somewhat new' said they were more likely (rather than less likely) to consult for their child's ILI and request antibiotics (*p* \< 0.03). Among parents exposed to this information who thought antibiotics would 'definitely/probably' help, significantly more said they were more likely (rather than less likely) to consult for their child's ILI (*p* \< 0.0001), with no change in reported likelihood of requesting antibiotics (*p* = 0.58). Among parents given the 'strong-fear-plus-empowerment' message, significantly more of those for whom the information was 'very/somewhat new' said they were more likely (rather than less likely) to consult for their child's ILI (*p* \< 0.0001), but in contrast to the other two randomised messages, they were not more likely (versus less likely) to request antibiotics for their child (31.1% more likely versus 37.8% less likely; *p* = 0.30). Moreover, parents given this message who thought antibiotics would 'definitely/probably' help were not significantly more likely (versus less likely) to consult for their child's ILI (31.6% more likely versus 24.4% less likely; *p* = 0.06), and significantly more said they were less likely (rather than more likely) to request antibiotics for their child (40.4% less likely versus 24.0% more likely; *p* = 0.003).

Discussion {#Sec11}
==========

In this study, we hypothesised that fear-based informational messages about AMR, intended to reduce consultations and antibiotic requests for ILI, are more likely to be effective, particularly among those with low AMR awareness, if they contain empowering information about successful self-management without antibiotics. We examined this hypothesis by developing three fear-based messages about AMR, with and without an empowerment element, and testing them in a randomised survey experiment. The aim was to inform future public campaigns intended to reduce antibiotic requests for ILI, although our findings have broader application. We found that for all the informational messages tested, there were stark differences in how respondents said the information would affect their future consultations and antibiotic requests. The magnitude of these differences depended on whether the information they were given was new to them or whether they thought antibiotics would help ILI. Those for whom the information was not new (or who did not think antibiotics would help) stated that the information was likely to make them less likely to consult or request antibiotics, regardless of which message they were given. This suggests that repeated campaigns may be important for re-educating those who think they are already well informed about appropriate antibiotic use. Crucially, however, where the information was new, *only* those given the 'strong-fear-plus-empowerment' message said they would be no more likely to consult *and* less likely to request antibiotics. Those given the 'mild-fear-plus-empowerment' message were not significantly less likely to consult or request antibiotics for ILI. This is consistent with the most recent meta-analysis on fear-appeal messages which found that in general, they are more effective when relatively high fear levels are employed \[[@CR23]\]. There was no evidence that those given the 'fear-only' message were less likely to request antibiotics for ILI, and consistent with our previous work \[[@CR24]\], they were more likely to consult.

The key study limitation is that it relies on how survey respondents claimed they would behave in response to information. Reported intentions may differ from actual behaviour. However, there is evidence from meta-analyses that intentions predict infrequent, non-habitual behaviours \[[@CR25]\] and that changing behavioural intentions engenders behaviour change \[[@CR26]\]. Another limitation is that only members of the online survey panel were eligible. Thus, the sample was limited to those with an interest in completing surveys, internet access, and basic computer literacy. However, the use of this panel also meant that age, gender, ethnicity, geographic region, and employment status were broadly representative of the general UK population, though the percentage with higher education (44%) was higher than the population average (27%).

Previously \[[@CR24]\], we found that fear messages about AMR could potentially backfire among respondents poorly informed about AMR. There, those who found a 'fear-only' message (almost identical to version 1) 'very/somewhat surprising' said they were more likely to consult and to request antibiotics for ILI. Based on evidence from behavioural science \[[@CR21]--[@CR23]\], we hypothesised that the unintended response to this information may be because the original message lacked empowering information about effective self-management of ILI without antibiotics. A major study strength is that this insight from behavioural science was used, apparently successfully, to develop informational messages likely not only to avoid backfiring, but to effectively reduce antibiotic requests for ILI. With just minor changes to wording, this study also attempted, and broadly succeeded, in replicating the results reported in our previous work \[[@CR24]\], by testing a 'fear-only' message (included in Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"} as 'Prior Survey' to facilitate comparability).

To address the limitation that the respondents for whom information was 'very/somewhat new' varied across the three versions tested, in our exploratory analysis, we also disaggregated respondents according to beliefs about antibiotic effectiveness for ILI, rather than how new the information provided was. Using this common indicator, which did not vary across randomisations, provided similar results.

While here we developed and tested fear messages intended to improve thinking and behaviour about antibiotic use, the phenomenon we studied is widely prevalent. Meta-analyses \[[@CR21]--[@CR23]\] have identified the importance, generally, in fear campaigns of including empowering messages that the 'call-to-action' is relatively easy, and will be effective in mitigating the danger referred to. This is the first study to explicitly apply and test this finding in the context of fear messages about AMR. Our results strongly suggest that this general point is highly relevant to the development of public campaigns warning of the dangers of AMR, and support its importance more generally in campaigns.

We found that a 'strong-fear-plus-empowerment' message was likely to be effective at reducing both consultations and requests for antibiotics among adults. However, even this relatively successful version was likely to lead to increased consultation for children with ILI. The overall effect on requests for children was not consistent, with those who believed antibiotics would help their child's ILI being more likely to take their child to a doctor, but less likely to request antibiotics if they went. It is possible that our self-care advice (plenty of fluids and sleep, or to take paracetamol) may be perceived as difficult to implement, or too generic \[[@CR27]\], by parents of young children, and they may feel they require advice from a primary care physician about management.

Children account for a large proportion of antibiotics taken for ILI, and the factors which affect consulting and prescribing are not the same as for adults. More research is needed on developing informational messages for parents that could safely and effectively reduce unnecessary prescribing for ILI in children by reducing consultations and antibiotic requests. More broadly, future research could test fear messages which vary with regard to the nature of the empowerment content employed, incorporating respondent self-efficacy and response-efficacy elements via different forms of wording. Future research should also address whether the hypothetical future behaviour our respondents reported in response to our informational messages can be replicated in studies testing actual behaviour. In particular, it would be valuable to design a randomised trial to test the effect of the provision of informational messages, such as those developed here, on more objective measures of antibiotic use. It may also be valuable to investigate the long-term effects of such messages, as these could differ from the short-term effects. It is conceivable, for example, that repeated exposure to even the least effective message in this study could ultimately have positive long-term effects by improving AMR awareness over time and thereby making respondents more likely to respond favourably to future messages. More generally, our results emphasise the importance of testing any proposed public antibiotic-stewardship campaigns before they are rolled out to wide audiences.

Conclusion {#Sec12}
==========

This study developed and tested, using a randomised design, fear-based messages about antibiotics and AMR, both with and without empowering information that influenza-like symptoms are self-limiting and can easily be self-managed, e.g. with paracetamol, rest, and fluids. Consistent with meta-analyses on the effectiveness of fear-based messages in other healthcare areas, the evidence from this study suggests that fear-based messages about antibiotics and AMR are more likely to be effective in reducing consultations and antibiotic requests, especially among those with low AMR awareness, if they include 'empowering' information about effective self-management without antibiotics.
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**Additional file 1.** Survey instrument. **Additional file 2: Table S1.** Respondent characteristics in Wave-1 (October/November 2016). **Table S2a.** Wave-1 (October/November 2016): How will this \[AMR\] information \[Version 1 'fear-only'\] affect the number of times that you/your child visit a doctor for conditions like Health State A and ask for antibiotics for you/your child? **Table S2b.** Wave-1 (October/November 2016): How will this \[AMR\] information \[Version 2 'mild-fear-plus-empowerment'\] affect the number of times that you/your child visit a doctor for conditions like Health State A and ask for antibiotics for you/your child? **Table S2c.** Wave-1 (October/November 2016): How will this \[AMR\] information \[Version 3 'strong-fear-plus-empowerment'\] affect the number of times that you/your child visit a doctor for conditions like Health State A and ask for antibiotics for you/your child? **Table S3a.** Wave-2 (March 2017): How will this \[AMR\] information \[Version 1 'fear-only'\] affect the number of times that you/your child visit a doctor for conditions like Health State A and ask for antibiotics for you/your child? **Table S3b.** Wave-2 (March 2017): How will this \[AMR\] information \[Version 2 'mild-fear-plus-empowerment'\] affect the number of times that you/your child visit a doctor for conditions like Health State A and ask for antibiotics for you/your child? **Table S3c.** Wave-2 (March 2017): How will this \[AMR\] information \[Version 3 'strong-fear-plus-empowerment'\] affect the number of times that you/your child visit a doctor for conditions like Health State A and ask for antibiotics for you/your child? **Table S4a.** Wave-2 (March 2017): How will this \[AMR\] information \[Version 1 'fear-only'\] affect the number of times that you/your child visit a doctor for conditions like Health State A and ask for antibiotics for you/your child? **Table S4b.** Wave-2 (March 2017): How will this \[AMR\] information \[Version 2 'mild-fear-plus-empowerment'\] affect the number of times that you/your child visit a doctor for conditions like Health State A and ask for antibiotics for you/your child? **Table S4c.** Wave-2 (March 2017):How will this \[AMR\] information \[Version 3 'strong-fear-plus-empowerment'\] affect the number of times that you/your child visit a doctor for conditions like Health State A and ask for antibiotics for you/your child? **Table S5a.** Wave-1 (October/November 2016): How will this \[AMR\] information \[Version 1 'fear-only'\] affect the number of times that you/your child visit a doctor for conditions like Health State A and ask for antibiotics for you/your child? **Table S5b.** Wave-1 (October/November 2016): How will this \[AMR\] information \[Version 2 'mild-fear-plus-empowerment'\] affect the number of times that you/your child visit a doctor for conditions like Health State A and ask for antibiotics for you/your child? **Table S5c.** Wave-1 (October/November 2016): How will this \[AMR\] information \[Version 3 'strong-fear-plus-empowerment'\] affect the number of times that you/your child visit a doctor for conditions like Health State A and ask for antibiotics for you/your child? **Table S6.** Original survey data (May/June 2015): How will this \[AMR, analogous to version 1 'fear-only'\] information affect the number of times that you/your child visit a doctor for conditions like Health State A and ask for antibiotics for you/your child? (United Kingdom, 2015). **Additional file 3.** Overall reported response to information for respondents' children's ILI. **Additional file 4.** Wording for the 3 versions of information tested in Wave-1 and Wave-2.

AMR

:   Antimicrobial resistance

DALY

:   Disability-adjusted life-year

ILI

:   Influenza-like illness

NHS

:   National Health Service

PHE

:   Public Health England

RTI

:   Respiratory tract infection

SSI

:   Survey Sampling International

UK

:   United Kingdom
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